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Status of Navigation Satellite System Services and Signals
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ABSTRACT

Positioning, navigation, and timing information has become a key element in the national core infrastructure
and for emerging technologies, such as autonomous driving, lunar exploration, financial systems, and drones.
Therefore, the provision of that information by navigation satellite systems is becoming increasingly important.
Existing systems such as GPS (Global Positioning System), GLONASS (GLObal NAvigation Satellite System), and
BDS (BeiDou Navigation Satellite System) also provide augmentation, safety-of-life, search & rescue and short
message communication and authentication services to increase their competitiveness. Those services and the
signals generated for their provision have their own purpose and requirements. This article presents an overview
of existing or planned satellite navigation satellite system services and signals, aiming to help understand their

current status.
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LFH (Space Segment)

E71E=
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X| A H| 0] £ (Control Segment)
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Positioning System), Z]A|0F2] GLONASS, EU2] Gal-
ileo & %=+2] BDS(BeiDou Satellite Navigation System)
S A AF2A AHEAIA PNT A B A S Al5-5)
= A8 = 79 A AAERQl DE9] QZSS
(Quasi-Zenith Satellite System) 2! 915 2] NavIC (Navigation
with Indian Constellation) 5- A|% PNT A H|AE 2|5t
1ol low Z7F & =7t ofsff T H
™.

GPS+= || YR FARE S & Jidslr] AlAks
o] 1978\ A WA GPS 91921 NAVSTAR A} o]
T 331719 9= 71Nt e & A4 -8 SoltHIl.
GLONASSE= 20114 & 247]9] YA+ 7|Rto 2
FOC(Full Operational Capability) & A7 & AB|AE
A58t JTH2]. Galileo: 55 AH|A F419] 7]
& A|2E} g NIZE AR A SAH 2R JiEo]
2k 0] 2024 A7HA] F 30719] 914 v A& 71T
O & FFFOCE HHE 7T 5 AIAF0H, 2012
W o] % Arfjs} L= TIo] X3 FoltH3]. BDS=
2020 & 35719] 14 WA & 7|¥te 2 A A4
AFHAI AR BDS-3E 551 AB[AE A

& SoltH4l.

o]Q]of| = YE O] QZSSE A= ol 4] GPS A
HIAS B 520 &2 Gpset 2.8 E A T2F0]
7hste S AAE 4719 QZSSs A4S wiAIsH L.
U, @A= 20239714 3715 F71ske] F 7719 9
iR E 7]Hto 2 §F FOC7t AlgE 1 QltH5). <1
9] NavIC2 20209 7H4] & 7719 91/do] x| =]
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B2k @A Galileo, BDS, QZSS= AE v ElF
AH|AE AlEsHL 9low, uEF AH| A= QZSS
T2 5ol AlS= AL Ak

SHH, T2 3571 LR of= B AR|A
= SBAS(Satellite Based Augmentation System)S- =]
Al&H Tt SBASE ICAO(International Civil Aviation
Organization) -2 WEH| U]=k WAAS(Wide Area
Augmentation System)2} Zro] HE O] A|AE] O & J1=
=AY, &2 MSASMulti-functional Satellite Augmen-
tation System)2} Zro| AP HA| AR O] 519 A]AH]
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H 1 GPS HIZ MH|A U sHHME EY
TEH‘!'.T L1 L2 L5

]

Nedoy 1,675.42MHz 1,227.60MHz 1,176.456MHz
MHIA | PNT(O) | PNT(A)  PNT(A) PNT(O)/ATH PNT(O) PNT(A) | PNT(A) PNT(O)

Az L1M L1C L2C L2M L5

L1 C/A | L1P(Y) L2 P(Y)
HAEHE Data | Pilot | Data Pilot Data Pilot Data | Pilot | Data Pilot
MBOC(6,1,1/11) | CiP—by=chip QPSK
spwx | BPSK | BPSK | BOC(105) oM BPSK | BOC(10,5)
T @M @0 | dpdbM) | goc | TMBOC | BPSK | BPSk | (100 | (TDDM) | Bpsk = BPSK
1.1 | 61.4/33 | () (M (100 | (10)
A 20| 6.19 10,230 | 767,250 = 6.19
chiosl | 0% qon N/A 10230 | 10,230 | oo T o N/A 10,230 | 10,230
SHHTIA|X]

% LNAV | LNAV MNAV | CNAV-2 - CNAV - LNAV | MNAV | CNAV | -
o - ~ BCH ~ ~ ~ ~
e =g N/A +LDPC cc N/A cc
HOBEE gy 50 N/A 100 - 50 - 50 N/A 100 -

[sps]

EAT= AT 2= C/A 12C, LS R LICAIRYE 78 A5 ol & Aol S #f%t 87485 55
slethiol. & 220w AAEglr o] He| Wzt PNT A4

C/AZE AS=DY) ZE 4359 7] 855 4159 H|slY 10.23MH29] 2 IE H £

2Z5}7] 98] AR, 198310 GPS7FEL W Secondary 0] H8-E SYO2 8w, 2010
Zholl 7P o] %ofl= &0 A48 WXt 4171 FE AR GPS IIF 9104 HH $&55 1L )1t
oA GPSZH-E A= PNT JES ul2A & [13]

l

L2C A5 = GPS @tfste] ggto =2 7feE A 9
WA FHATEA, o]F Fubpo] ARG H A HE
Nz
= Aok A2 51E QA= C/AZE A A 4521 BOC(, ) FHh Y
2.0} Bt pilot HEYUE, 71 SHEFE 2L HES T
FRHAIA] FR(CNAV), HlolH B 5 =
23t CC(Convolutional Coding)2] AFHE-& E4 O & 5}

. 2005EEE 2ALE GPS [IR-M ] ol A 5g
/\;'Agi o]

L5 AL g27]| 9 722 oliokd wESTh

=517] 98] ALgH T

ATH12].

AcH12].

NE

ZE 53] GPS AR A dRATE SHHAE MBOC(Multiplexed Binary Offset Carrier) AHEZHLS
A15.91 BOC(6,1)

A 7= AS EF L= 5, LIC Al

Multiplexed BOC) 7]9S AF8-5H= 7
T} ESH LIC A& glojE BEX &

St LDPC(Low Density Parity Check)
ing 719, 22 FHHAIZ] FR(CNAV-2)2] AHE-

T+ MBOC A EH F&S 93] TMBOC(Time

s Egom

s gAe 9

2 interleav-
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%—E—XJ 2 51, 2018 FE TAME GPS 111 9

FE $25 3 lth &% Chimera(Chip Message
Robust Authentication) L2 EF-S 0]-85}0] L1C 4l
S0 FHHIAA] D T E QIF AHIAE AT

ZoltH10,14].

LE. P(Y) X MIBE M
PYE M FAE X

=2 ZﬁJrE_O,] PNT A

Aol A=
P(Y) = ui C/A ZE A59} 87 legacy

GPSAZE L1 D12

H 2 CDMA 7|8t GLONASS H|Z MH|A Y &S £

H|382 H2= 20234 42

B3] F4E I L IAY 452 7
£ 0= 3t 20059 HAFH GPS
B &% QItH1,15].

2. GLONASS

%7] GLONASS 9442 et 919 Al A3} ot
Z 7] FDMA(Frequency Division Multiple Access) 7]8F
PHAZ S 555190t FDMA 74 A1 S
= e R 2o kst FupeE ARESHo] A
g W 7S 2 Ask 4 AIRE, CDMA(Code
Division Multiple Access) 413 tH] 9] &= U g
] THoll gt A% A5 SHolA = 71
tH17,18]. GLONASS: o] & ZE35]17] 9] Aozt
Ao Al CDMA A3 E 7jurelgion], dA] 9=
AtH19]. 2= AA 52 FolA

oo

I> rl

NEE SE5

o

i+ L1 L2 L3 L5
e
Al
fm" 1,600.995MHz 1,575.42MHz 1,248.06MHz 1,202.025MHz | 1,176.45MHz
by
MHIA | PNT(O)/SFT PNT(A) PNT(O) PNT(O) PNT(A) PNT(O) PNT(O)
A5 L10C L1SC L1 L20C L2SC L30C 5
#ZZHE | Data | Pilot | Data | Pilot OCM Data | Pilot | Data | Pilot | Data | Pilot Oocm
chip—by-chip N/A chip—by-chip N/A 0PSK
- TDM BOC TDM BPSK
7 7 | BPSK | BOC | BOC | BOC a.n BPSK | BOC | BOC & BOC | BPSK | BPSK (10)
(1) (1,1 1 (5,2.5) | (5,2.5) 1) 1,1 | (6,2.5) (6,25 | (10) (10)
TS 20| | 1,023 | 4,092 10,230 | 10,230
chins] | (ms) | (6ms) N/A | N/A TBD (20ms) | (20ms) N/A | N/A 10,230 | 10,230 TBD
SHHMIAIX] . . .
ax string - N/A N/A TBD string - N/A N/A | string - TBD
Mg 3y | cc - N/A | N/A TBD cC - N/A | N/A | CC - TBD
H|0|E{&
i ['S;SEE 250 - N/A | N/A TBD 50 - N/A | N/A | 200 - TBD




SOLE] 9] / QST HAIAH MH|A B NS Fig 17

U 5% o590 GLONASS CDMA @415 9E
8 EAS HojErH20-24]. HOA SFTE Ao
A AU AZ olu|sit},

N

r

It L1/L2/L3 OF ¥ SF 4=
L1/L2 OF(Open FDMA) ¥ SF(Secured FDMA) A1 3.
+ FDMA 7]519] legacy GLONASS 41%.0]9, OF
A T= RIZEAREAY, SF Al %+= 5 7HE AREARE T
‘F O & PNT AH|AE A5t
L1 OF ¥ SF A&+ 1,602+k X 0.5625MHz(%

A ke -7, -6, -, +6)S HHET} FngE S 14
Mo S Bl ASEH, ZF 2 A HE
of et dFHET. F A= 2171 0.511MHz 2

_4

5.11IMHz9] FE J £EZ 7K
BH $&5%E OF 4 SF AlsE 247 5Y
FEF AROhE 2E S22 JHRs].
L2 OF ¥ SF A3 L1 OF ¥ SF A1 59} FAIgtH
AT 54de 7HAH, RS SRR 1,246+k X
0.4375MHzS AM&SH = 2Fo] o] QT

1:1:] ET:HHOE
SF SRAF

Lt L1/L2/L30CY sCH=

OC(Open CDMA) & SC(Secured CDMA) A1 3= ZF
7} 7E AREAL 2 S 7HE ARG ARE HAF O PNT
A B]AE A F5H= GLONASS CDMA *liOIE}.

L1, L2 913 EHoﬂ—‘l 5ol &FH= 0
=3E5XO0% Daa ¥ :
L10C A5 9] AHEZHL QH q1 4 RAS(Radio
Astronomy Service) 20| Q] WARS 1L2{5to] 27
=921 [20], L20C A= 0]9} FATH AHEF

=

[e]
S 7HATH21,22]. T AT B S ATH G H AR
TZ2E 7= S840l leH23], LiIoC Alee
T AP AE T FATR /ﬂ‘ﬂlé% 7=

A 2& oA o|t}Hs). L30C AlFE= 110C 2 1.20C
A5 Th2A 10.23MH29] =2 T H £ 5

[y

TH & AS Y 0E FthH24].

SCAZE= L1 H 12 S &3 =5, OC
A 5.9} mE7A 2 Data L Pilot AZHUEE 71
o} A% %*g]*c} =0] YF FEyo] ZIhE o,
5

OC 4l @e} v asto] |2

]9_11]]@2194

1=

252 B TN
*F%}_E B8 5

oA SAE WE} EbA A28 =
3 1,575.42MHz 2 1,176.45MHz = Hh5a} Feuls
2 slo] FWABIAE AlF5H= OCM(Open CDMA
Modernized) 415 L7} 218 F-o]tH19].

L30C Al &%= GLONASS K ¥ 2014 o]%
¥l GLONASS M YA 2El &
L2 e OC ¥ sC A=

l)l' ot

Lrﬂﬂ

i
Q_J__ ]Ouz] Ly ol
2023],:] l:ﬂ‘}\]. oE”X—] O]

GLONASS K2 YA R E $=5 95 o|tH19,26].
3. Galileo
Galileo A|AE2 GPSe} HATH 534S 714

%“Jﬂ FHAALS Z12 L=t o]of wat
Galileo AT = GPS 4159t 53] W A58
|4, W2 A I F 9 AV 1 BT 52
2 AR desto] A ATH27]. I 32
Y 5= 59 Galileo THAIZTHE $8 ES U
A3Hc}H28-30]. HOJA CORE HA AH|AZ on]

JLE1OS Y E5 A=
Galileo FHAI T & FITHS G OE PNT AlH|
A2 A T3H= AT 2= E1 OS(EE E1-B/C) 9 E5
(EE ESa/b) A7} 91O, B Data L Pilot AE
HEZ A



18

HAS ST

T 3 Galileo HIZ AMH|A

H|382 H2= 20234 42

fol

9 SHHAIS EM

x O — o
SIS ) L1(E1) L6(E6) L5(E5)
54
LA 1,575.42MHz 1,278.75MHz 1,191.795MHz
ESIE
AH|A PNT(O)/ATH/SFT PNT(A) COR ATH PNT(A) PNT(O)
k=l E10S E1PRS E6 EGPRS Eba E5b
E1-B E1-C B E6-B E6-C _ Eba-I| Eba-Q Ebb-1 E5-Q
BEEE L ha) | Pio) | 5 A (Data) | (i) | TOA | (Data) | (Piot) | (Data) | (Pilot)
Combined on Combined on
. the same phase BOC,oq the same phase BOC,,, AItBOC(15,10)
“C 7 | cBoct | cBoc- | (1825) | psk | mpsk | (105) | Bpsk | BPSK | BPSK | BPSK
6,1,1/11) | (6,1,1/11) (5) (5) (10) (10) (10) (10)
L 40|
[chips] 4,092 4,092 N/A 5,115 5,115 N/A 10,230 10,230 10,230 10,230
HHAIX|
ax I/NAV - N/A C/NAV - N/A N/A F/NAV - I/NAV
e g cc - N/A CcC - N/A N/A cc - CcC
HIOIESE 250 - N/A 1,000 - N/A N/A 50 - 250
[sps]

E1 OS Al GPSeto] A5 84 SHHE 9 E.319] AleBOC(Alternative BOC) HZ7|HHL o] 47
S L1C 4152} 543 MBOC AHERY S 7IX % o HEHUEE th52ats7| flof /i =St +3d
5 AA =S oH, MBOC AHEY F1dZ s o] &olstal, 5ot E stSuiE &3 A= o
CBOC(Composite BOC) X 7|HS AFE3ITH Bl 2 A5E AST 4= 9loH, £AI7|= ZF 23 Al

0S A1359] Data HEYERQI EI-BE=E5b Al59 gt 52 7h7h AP%’Q T U= Aol AUnh32]. E3E,
7 = A18E W] #F2 TTFE(Time-to-First Fix) & 7| g+ E5a A 8= 15 A1 5.9} 5 st Hiul Fulss Wl Aw
= U= I/NAV FHHAA] 25 AMSStH, ¥ EdZ 7}X]_§ GPSete] 528432 AlFditt.

HAZE Boll B2 AH| A F]AIR A HAA]
£ Al ZIHH29]. EH OSNMA(Open Service Naviga-
tion Message Authentication) L& E-Z-S ARg-5}o] g
HuA A& 4SS 5

of| g oleH31l.

E5 A3 12C 4159} GABH] o]%
& 9 At AS o] oE A
ERE AA oM, 51.15MHz2] {2 o
ARG E5 AT AR tE SA FuE 7HX
£ E5a @ ESb A58 A=, 2+ A1 940l
Data 9 Pilot HEUEE 7}t E5 Al89] 7P 2

Ve AT AHAE ATE

A}

ot AL
=N
[e) o

o

18 ook
&

rulm

AN

Lt. E1/E6 PRS 4=
PRS(Public Regulated Service) A1 2= EU 3] Q=0
ERY 7P AREAE A& FAAE PNT
AU AE AlFote doshd PHAISE, E1 9 E6
S &5 SEHH31
El1 PRS(EE E1-A) 2 E6 PRS(EE E6-A) A=
1 544 AHEYY I R JET 37
At} E1 PRS A= GPSP(Y) 2 M = AlS, E6
PRS A5 =9 o w17k AR82} A} AJH| A

[e)
E6 CS(Commercial Service) A3 9}0] AHEH BE&

2l
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aPson, FE FHsE s W2 A=
N HS 25 A EAT30]. 71 A3, E1 PRS
o

1l E6 PRS A8 = ;]"?j'] AT & §USHA cosine £

l(

(10,5 HZ7|%H0] 34%51 Art.

Ch.E6CS A=

E6 CS(E= E6-B/C) 4 = AMEAE TiAF
02 22 A9k 9 A4S AFsh] A 4
A Z23tof L= .

E6-B HEUE= AE v e EYFES HEst
= HAS(High Accuracy Service) S A5, 1,000sps
o] =2 HlolHAEEE A Galileo T AIA] -
£ 5 7F8 2 Ha 55e 7HEA We R0l &

NeE R

0|3} C/NAV SFHHA|R] LR E AL 3]'1'4'. HAS=
2023 1¥9EE Phase 19] Sigs= 27] AH|AS

19

[y

Xﬂ*oh eH, E6 CS AT 7N 279 AH|A

E6-C AXZUE = Fo3ote &4t
3 E1-B HEHUES] FHHAIA] Q1T AH]2R]
OSNMAS} HeH2 9l FE Q15 AH|A CAS(Com-

mercial Authentication Service)= 2025 15 1 ﬂ"“O]’ oﬂ
“golth34].

4. BDS

BDSE= Al @A AA o] My =|lom, z+
A 2L A7 = A A 2

A|(BDS-2) & 3THA|(BDS-3)0]] 3id5t= A% 7Hs
3 Qo™ I 4= SBAS A5 E A3}t BDS-3 9
oA & U FHASEH 9 ES YIS

tH11,35,36]. EO|A MSGE THE HIA|R] AH|AS

4 BDS-3 HIZ MH|A H eMS £

i L1(81) L6(83) L5(82) s

e

Al

;flr' 1,661.098MHz 1,268.52MHz 1,191.795MHz 1,575.42MHz

~
MHIA | PNTQ©)  PNT(O)/COR | PNT(A) PNT(O) PNT() PNT(R) — PNT©) | PNTOVCOR 1 yos
/SFT/MSG
NS B1l B1C B1A B2a B2b Bs
B3l | B3Q | B3A

HAELHE Data Data Pliot N/A Data Pilot Data | Pilot | Q
MBOC(6,1,1/11) QPSK ACEBOC(15,10, [1,1,0,1]) 00PSK

ainp x| BPSK BOC QPSK

HUHE | To) | BOC | QMBOC | (142) | BPSK | BPSK | (q0) | BPSK | BPSK | BPSK . (4.08MH2)
a1 | (6,1,4/33) @a0) | (10) o) | (100 | (0

L 20|

chins] | 2406 | 10230 | 10230 | N/A 110230 N/A | N/A 10230 10,230 10230 TBD 255 |21

SHHHIALK] B- . B- B B- B

ax  P1/DZ v N/A— D1/DZ 1 N/A T N/ opays cNava | TBP
BCH+

ML R | BCH | | poc - N/A. | BCH | N/A | N/A LDPC - | LDPC  TBD cc

GO|E&E | 50/ ~ 50/ ~

fsps] 200 100 N/A oo | NA L N/A 200 1,000 | TBD | 16,000
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ofugit,

Jt.B1/B2/B31/Q 4=

BDS-2 91432 B1, B2 ¥ B3 =
AT E &6t 3loH, FEH O in-phase(BlI,
B2I, B3D)Oll= WZF AREA}, quadrature-phase(B1Q,
B2Q, B3Q)Oll= 37He AHEARE HiF o= o Al
S5 $E3H) B11/Q ¥ B2I Al S+ 2.046 MHz,
B2Q ¥ B3I/Q A&+ 10.23MHz9] ZE I {25
7HA ™, quadrature g0 SiEsh= B1Q, B2Q ¥
B3Q Al @of thsfiAl= 371 FE7F A glet

BDSE FYsH THE 91782 ET3 Hybrid
Constellation= 7FA| 1L Q1o o] & X=X 02 &
&oto] FYTN 4D AHEHS Fof A=
ThE AH|AE AlFstaL cA’kEH37]. BDS-2 A=
A AFBAFE 7= 9178914 $E5)= in-phase
A %= D1 FRHAIA] F25 7AW PNT AH|A
= Zﬂlﬂh U, AAAE e eRY $&

FHAAIA 25 7HAH
BDS 724, A85 AA AH 59 HEE S5
PNTERF ot 2f HA A AT AlE]HeH38].

20234 19 @7 157]2] BDS-2 Y140l 4 &+
Boral 9loH, B1l ¥ B31/Q 4l&+= BDS-3 94
o A= o]ol A FE= AL AATH36,39].

55 3

+ in-phase A1+ D2 &

L. BICY B2 A3
B1C ¥ B2 A5+ BDS-3 75 o) A 7IZE A
|AE o2 JidE FHASe I, B 94T
HA|AEH O] AT 2848 Y3f GPS E+= Galileo
A5 ot 5Lt HhEat Fup=5 ARt
B1C 41+ GPS L1C 459} o] & 94
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